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(54) MAGNETIC HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently suppress the 
temperature rising of a coil for generating a magnetic 
field in a magnetic head. 

SOLUTION: This magnetic head H is provided with a 
dielectric 3 having a surface 30 opposite a disk D with a 
space, and a magnetic field generation coil 2 provided 
inside or on the surface 30 of the dielectric 3. A heat 
conductive layer 4 having a heat conductivity higher 
than the dielectric 3 is provided to receive heat 
generated from the coil 2, and at least a partial surface 
of the heat conductive layer 4 is formed as a recessed 
and projected surface having a plurality of recesses and 
projections. Preferably, the recessed and projected 
surface is exposed from the surface 30 of the dielectric 
3. More preferably, a plurality of recessed grooves 
constituting the recessed and projected surface are 
formed to be narrower from one longitudinal-direction 
end which becomes an air inlet toward the other 
longitudinal-direction end which becomes an air outlet. 
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® Design of High-margin OFH Quaternary Trial Manufacture 

Calculations and test results demonstrated that the desired spacing between the 
coil and heat sink of the tertiary trial manufacture is 100 |Lim, this result being described 
in greater detail in the section concerning the evaluations of OFH tertiary, quaternary trial 
manufacture in (iii). Accordingly, in the quaternary trial manufacture, the spacing 
between the coil and heat sink was set to 100 jum in all the cases. Further, in the 
quaternary trial manufacture, the following improvements were made with respect to the 
tertiary trial manufacture. 

• Prior to the third trial manufacture, NiFe was employed for the magnetic layer, 
but a decision is made to use a new magnetic film with Bs (saturated magnetic 
flux density) higher than that of NiFe. As a result, the volume of the magnetic 
layer (thickness of magnetic layer) can be decreased and eddy loss is suppressed. 

• The inner diameter value in the radial and circumferential directions of the coil 
and magnetic layer were evaluated by taking into account the tolerance of 
components, tolerance of assembling, and tracking quantity with respect to the 
light flux diameter passing through the central portion. However, because it is not 
necessary to take the tracking quantity into account with respect to the 
circumferential direction, the margin equivalent to the tracking quantity only in 
the circumferential direction was omitted in the quaternary trial manufacture. 
Thus, the magnetic field generation efficiency is increased by selecting an 
ellipsoidal shape of the coil (fixed in the radial direction, reduction in the 
circumferential direction). 
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Coil dimensions and power consumption relating to the designed high-margin 
OFH tertiary and quaternary trial manufacture are presented in Table 2.3.8. 



Table 2.3.8. Specifications of OFH tertiary and quaternary trial manufacture 



Type 


Tertiary trial 
manufacture 
3-100 \im 


Tertiary trial 
manufacture 
3-200 Jim 


Tertiary 
trial 

manufacture 
3-7 urn 


O uatern arv 
trial 

manufacture 
4-100 um 


Coil pattern 


round 


round 


round 


ellipse 


Distance (WD) between 
coil and magnetic field 
position (recording film) 
Cum) 


10 


10 


10 


10 


Magnetic field intensity 
(Oe/A) 


749 


<— 


<— 


746 


Number of turns 

Upper layer 
Lower layer 


10 

5 
5 


<r- 
<— 
<r- 


<— 
<— 
<— 


<— 
<— 
<— 


Required electric current 
(A) 

(electric current (2} 200 Oe) 


0.267 


<r~ 


^~ 


0.253 


Inductance (nH) 


24.2 


<r- 


<— 


22.7 


Impedance (Q) 
50 MHz 
100 MHz 


7.9 
15.6 


<r- 
<r- 


<r- 
<r- 


7.5 
14.8 


Power consumption by coil 
(W) 


0.079 


<— 


<— 


0.066 


Spacing between coil and 
heat sink (|nm) 


100 


200 


7 


100 



(D Static magnetic field characteristic of OFH tertiary and quaternary trial manufacture 

A static magnetic field generated in the position of a disk recording surface when 
a rated electric current is passed in the coil was calculated. The results are shown in FIG. 
2.3.9 (static magnetic field characteristic of the tertiary trial manufacture) and FIG. 2.3.10 
(static magnetic field characteristic of the quaternary trial manufacture). There are three 
patterns of tertiary trial manufacture, but the static magnetic field characteristic was the 
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same for all the patterns. FIGS. 2.3.9 and 2.3.10 confirm that a generated magnetic field 
of 200 Oe has been obtained in the central portion of the coil for all the models. 

However, it is clear that the lines of equal height shown in the figure are not 
distributed as concentric circles in all the cases. This is because the calculation has been 
conducted with respect to a state in which the coil model was disposed so as to have a 
spiral shape. As shown in both figures, the coil gradually expands from a position 
corresponding to 12 o'clock toward the outer periphery, while drawing an arc in the 
clockwise direction, and the coil makes a round in the next 12 o'clock position. 
Therefore, it can be confirmed that the magnetic field decreases in the positions close to 
9-12 o'clock. 

FIG. 2.3.9. Tertiary trial manufacture. Static magnetic field characteristic 
RADIAL DIRECTION (|am) [abscissa] 
CIRCUMFERENTIAL DIRECTION (^im) [ordinate] 

FIG. 2.3.10. Quaternary trial manufacture. Static magnetic field characteristic 
RADIAL DIRECTION (|Ltm) [abscissa] 
CIRCUMFERENTIAL DIRECTION (|im) [ordinate] 
GENERATED MAGNETIC FIELD (Oe) 

(I) Heat sink design of thin-film coil 
© Design method 

The simulation method comprises creating a 1/4 model of a coil divided into 
small parts by three-dimensional CAD and finding the amount of generated heat 
(consumed electric power) for each small part by electromagnetic field simulation. The 
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amount of generated heat for each part, material properties of the parts, and boundary 
conditions are incorporated in the thermal analysis simulation, and a stationary 
temperature analysis of each portion is conducted. Final temperature increase is 
evaluated by further feedback introducing the increase in the electric resistance of the 
material caused by temperature increase in the results of the stationary temperature 
analysis. 

In the tertiary trial manufacture, the coil pattern was the same and samples were 
manufactured that had parameters of three types, that is, the spacing between the coil and 
heat sink was 7 jam, 100-jim, and 200 Jim. First, thermal analysis relating to them was 
conducted. The results are shown in FIGS. 2.3.11 to 2.3.13. Those figures represent 
temperature distribution diagrams obtained by observing the 1/4 model from the center 
direction on the floating surface side. Ambient temperature was set to 25°C and a 
contour map was obtained with the lower limit value set to 25°C and an upper limit value 
set to 50°C. 

FIG. 2.3.1 1. DC analysis, spacing of the coil and heat sink is 7 Jim 
FIG. 2.3.12. DC analysis, spacing of the coil and heat sink is 100 jum 
FIG. 2.3.13. DC analysis, spacing of the coil and heat sink is 200 |Lim 

It was initially predicted that at a spacing of 7 [im, the heat sink is close to the coil, 
thereby creating a large eddy current loss, but thermal characteristic is good and no 
temperature increase is observed. At a spacing of 200 |um, on the other hand, it was also 
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supposed that good design with a low eddy current loss and a small temperature increase 
will be obtained at a spacing of 100 jam. In order to generate the same magnetic field 
when the frequency is changed, the electric current value has to be increased according to 
the increase in the frequency and eddy current loss. Therefore, in order to prevent the 
system from becoming complex, the eddy current loss has to be suppressed as thoroughly 
as possible. The eddy current loss of the heat sink and temperature increase at AC are 
shown in FIG. 2.3.14. 

(The consumed power, temperature increase value, and heat sink eddy current 
loss for DC and AC are shown in the abovementioned Table 2.3.7). 

As was initially predicted, good balance was obtained at a medium (100 |am) of 
the three values of spacing between the coil and heat sink, and both the temperature 
increase at AC and the eddy current loss were low. 

In the quaternary trial manufacture, following the above-described results, a 
spacing of 100 Jim was selected between the coil and heat sink and a high-Bs material 
(1.6 T. In the tertiary trial manufacture, it was NiFe with 0.7 T) was employed for the 
core. As a result, the occurrence of magnetic flux saturation can be prevented, the core 
thickness can be reduced, and the resistance value of the core can be increased. The 
effect produced is that the occurrence of eddy current loss in the magnetic body is 
suppressed and further reduction of temperature increase can be planned. Thermal 
analysis of quaternary trial manufacture using a thin magnetic layer and a coil of a 
circular pattern identical to that of the tertiary trial manufacture was conducted to observe 
the difference in the temperature increase caused by the difference in thickness and 
material properties of the magnetic layers (the analysis employed a simplified model in 
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which only the thickness of the magnetic layer and the saturated magnetic flux density 
were varied). The results obtained are shown in Table 2.3.9. The analysis results 
contradicted the initial prediction, and a larger temperature increase was observed in the 
quaternary trial manufacture with a small eddy current loss (FIG. 23.15). The 
comparison of thermal analysis results obtained in tertiary trial manufacture and 
quaternary trial manufacture demonstrated that thermal conductivity of the core plays a 
role in suppressing the increase in temperature of the coil. FIG. 2.3.16 and 2.3.17 show 
side views of heat fluxes of the same 1/4 model that were obtained earlier (the left upper 
part of the screen is the floating surface of the coil center). As for the heat flux, the 
movement of heat observed when the heat generated in the coil escapes to the heat sink 
via the core is larger in the tertiary trial manufacture than in the quaternary trial 
manufacture. It was understood that the design providing for heat escape is more 
important than that focused on suppressing the heat generation. 

FIG. 2.3.14. Temperature increase at AC and eddy current loss in heat sink 

TEMPERATURE INCREASE VALUE (°C) 

EDDY CURRENT LOSS IN HEAT SINK (mW) [abscissa] 

TEMPERATURE INCREASE Sim. VALUE (°C) AT AC MAGNETIC FIELD OF 200 
Oe AND EDDY CURRENT LOSS IN HEAT SINK (mW) [top] 

TEMPERATURE INCREASE VALUE (°C) AT AC 

EDDY CURRENT LOSS IN HEAT SINK (mW) [in the graph] 

SPACING BETWEEN COIL AND HEAT SINK (|am) [below] 
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FIG. 2.3.15. Temperature distribution in quaternary trial manufacture at DC 



Table 2.3.9. Electric power consumption and temperature increase value 



Trial manufacture of coil 


Equivalent to tertiary 
trial manufacture 


Equivalent to quaternary 
trial manufacture 


DC power consumption (mW) 


70.4 


70.4 


DC temperature increase value (°C) 


12.5 


24.0 


AC power consumption (mW) 


53.4 


51.8 


AC temperature increase value (°C) 


4.6 


11.6 



FIG. 2.3.16. Tertiary heat transfer (of the type with a spacing between the coil and heat 
sink of 100 (im) 

SUBSTRATE FLOATING SURFACE (7^_h®) CENTRAL AXIS ( 4> tott) 

COIL(^-T^) CORE(^T) HEAT SINK (fc — hi/^?) 



FIG. 2.3.17. Quaternary heat transfer 
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